In cardiovascular diseases the plasma lipoprotein changes have an effect on blood flow, so the alterations of the blood and plasma lipoproteins affect the rheological properties. This study included eighty diabetic patients with cardiovascular diseases and seventy healthy controls and were evaluated by measurement the level of lipoproteins & hemorheological parameters (Blood flow parameters) as plasma viscosity & RBCs aggregation, all patients and controls were evaluated also by clinical examination and investigation, the study showed that the lipoproteins level in diabetic patients with cardiovascular diseases is highly associated with elevated plasma viscosity & RBCs aggregation . 
…………………………………………………………………………………………………….... Introduction:-
In cardiovascular diseases the plasma lipoprotein changes have an effect on blood flow ,so the alterations of the blood and plasma lipoproteins affect the rheological properties ,and play a role in accelerating the rate of progression of complications such as microangiopathy by raising the plasma viscosity and by increasing the affinity of erythrocytes for each other(1), the changes in viscosity and in red -cell aggregation both are the consequence of abnormal plasma lipoproteins , the incidence of which is largely independent of the onset and duration of disease(1).
Subjects and Methods:-
A full history and clinical examination was carried out for all diabetic patients with cardiovascular diseases & control subjects by physician in AL-Kadhimia Teaching Hospital-Consultant Clinic, the research was carried out in laboratories of clinical physiology department in college of medicine at Al-Nahrain university from November 2002 till December 2003, the subjects were usually fasting for 12 or more hours,10 ml of blood was aspirated,4 ml put in an EDTA containing tube(for plasma viscosity & RBCs aggregation estimations),then centrifuged by centrifuge for 5 minutes at 3000 rpm ,2 ml of it was stored in the refrigerator for 24 hours to be used for plasma viscosity estimation.
The other 2 ml was put in a small tube and make a mixture consists of 900 µl of plasma and 100 µl of RBCs and then some of this mixture was taken in a cuvette until the height of 40 mm in the cuvette, the latter was ready for RBCs aggregation estimation by Laser scattering procedure.
The rest of the blood sample (6 ml) was used for the Lipid profile estimation.
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For the estimation of plasma viscosity a red cell pipette which it considered as simple viscometer was employed for this process (2) .
Aside from availability, the red blood cell pipette has several additional advantages including case of filling and cleaning, requirements for only 1ml of sample and rapid flow time (nearly 90 seconds for water, 2-3 minutes for normal plasma).
It was filled by pulling the sample into the pipette from below, with suction applied through the standard piece of tubing supplied with red cell pipettes.
The time of flow between the lines immediately above and below the bulb reservoir was recorded.
The determinations were carried out at room temperature (23°c), the instruments were thoroughly rinsed with saline, then distilled water, and finally dried with acetone.
Thorough cleaning is imperative since dirt or dried proteins will impede flow and give falsely high values.
The viscosity of the plasma is calculated from a comparison of its time of flow with that of a fluid of known viscosity (like water which it equals 1), under the same standard conditions (3). For RBCs aggregation estimation the laser scattering method was employed for this study, from scattered light intensity profiles continuously obtained during aggregation of erythrocytes and sedimentation of the aggregates ,characteristic kinetic parameters were computed.
The progression of erythrocyte aggregation and the structure of the aggregates were dependent on both erythrocytes properties and the macromolecules in the medium which is the plasma of the subject(4).
The 10% PCV suspension that was gently poured into the cuvette is fixed in between the laser beam from Helium -Neon 632.8 nm which was switched on for 10 minutes prior to the data collection, and the photo cell that recorded the intensity of the transmitted light & determined automatically with a polygraph. The transmitted light is changed with the progress in aggregation process, the test of recording the aggregate process was repeated again for normal and patient samples.
On the basis of signal pattern and microphotographic observations, three phases were differentiated and the kinetic parameters (times and rates) were defined (Figure 1) .
A-Phase 1:-
In this smooth phase, the signal intensity slightly increased .The time at which the clear fluctuation began to appear was termed as aggregation time (AT).
The rate of aggregation (RA) was obtained from the slope of this phase. This fluctuating signal continued to increase exponentially and reached a maximum transmittance level, and this time was termed as sedimentation time (ST). The interval of second phase was termed as one-dimensional aggregation time (1DAT).
The slope of this phase was termed as rate of sedimentation of one-dimensional aggregates (R1DS).
C-Phase 3:-
In this phase, the fluctuation was rapid and irregular, and the amplitude was fairly large.
The interval of this phase was termed as three-dimensional aggregation time (3DAT), and the rate of sedimentation of three -dimensional aggregates (R3DS) was obtained from slope of this phase.
The hematocrit of erythrocyte suspension at 10% is selected to allow normal interaction of various constituents.
So the chamber width is kept sufficiently large to allow uninhibited growth of aggregates and their movement away from chamber walls (5).
These fluctuations could not be observed at the physiological hematocrit (35%-45%) due to the multiple scattering of light (6) .
Light scattering technique has the advantages of quickly providing distinct profiles for different samples with significantly varied kinetic parameters of different phases. Moreover, these profiles and the kinetic parameters can provide a better picture of the interactions of macromolecules like lipoproteins in forming aggregates of erythrocytes and in their sedimentation.
Therefore, these kinetic parameters can be effectively employed to quantify the rheological behavior of erythrocytes in pathological conditions such as cardiovascular diseases & Diabetes Mellitus.
Results:-
It found in this study that the triglycerides were significantly increased compared to the control subjects (Table1). The patients in this study exhibited a high significant increase in the atherogenic index compared to the controls (Table1). The plasma viscosity was increased in diabetic cardiovascular patients & highly associated with the increase in the lipoprotein level; however this increase was not significantly correlated to the different levels of the lipoproteins (Table1). From the data on RBCs aggregation it is apparent that the diabetic cardiovascular patients showed a shorter aggregation & sedimentation time& longer aggregation rate (Figure 2-a, b) which indicates a higher tendency for aggregation .The increase in aggregation rate & the decrease in aggregation time was highly associated with the increase in the level of lipoprotein (Table1), however this increase & decrease was not significantly correlated to the different levels of lipoprotein. 
Discussion:-
In diabetic patients with cardiovascular diseases the triglycerides was significantly increased compared to the control subjects. Same features were found of the uncontrolled glycemic state in other studies (7, 8, 9) which is characterized by the abnormal lipid metabolism.
The high significant increase in the atherogenic index in diabetic patients with cardiovascular diseases was in accordance with the results of the studies (10, 11) where they reported an elevated LDL/HDLC especially in cardiovascular diseases patients with type II Diabetes mellitus.
In this study in diabetic cardiovascular patients the plasma viscosity was increased with a high significant level compared to controls. This is in accordance with the studies that support the fact that plasma viscosity is elevated in diabetic patients especially uncontrolled patients (12, 1, 13, 14, 15, 16, 17, 18) .So the metabolic control has a considerable influence on the plasma viscosity. The level of lipoprotein macromolecules was higher in diabetic patients with cardiovascular diseases in comparison to that of the normal subjects , this may suggest that lipoprotein changes are responsible for the increase in aggregation and sedimentation. These are in an accordance with many reports which have emphasized the many factors that may contribute for the increased tendency of aggregation in diabetic cardiovascular patients ,like increased plasma viscosity by high blood glucose ,decreased deformability of erythrocytes and increased concentration of lipoprotein macromolecules and their nature (1, 6, 19, 20, 21, 22) .
On the other hand erythrocytes aggregation is a reversible adhesion of adjacent erythrocytes , induced by other bridging macromolecules & its contribution is uncertain.
Conclusion:-
The high level of the lipoproteins should be a main factor contributing to the elevation of plasma viscosity in diabetic patients with cardiovascular diseases especially uncontrolled metabolic state ones , and the tendency for RBCs aggregation in diabetic cardiovascular diseases patients together with the elevated plasma viscosity could lead to the disturbance in the circulation through the decrease in the speed of blood flow within the capillaries & disturb the passage of blood within them that will enhance the formation of sludge that may contribute for the pathogenesis of cardiovascular complications.
So the metabolic control has a considerable influence on pathogenesis & progression of cardiovascular diseases.
